A B S T R A C T Phagocytic, antimicrobial, and metabolic functions were studied in leukocytes obtained from three patients with the Chediak-Higashi syndrome (CHS) and compared to normals, individuals, heterozygous for Chediak-Higashi syndrome, and two subjects with chronic granulomatous disease of childhood (CGD). 
INTRODUCTION
The Chediak-Higashi syndrome (CHS)1 is a rare autosomal recessive disorder characterized by partial oculocutaneous albinism and the presence of giant abnormal lysosomes in most granule-containing cells (1) . A similar disorder has been described in mink and cattle (1) , and more recently in mice (2) . A major clinical manifestation of this disease in affected patients is the occurrence of multiple bacterial infections, principally with Gram-positive organisms and, in particular, Staphylococcus aureus (3) . Such infections are a major cause of death in this disease. Until recently (4) , extensive studies in mink and cattle (5) failed to determine the mechanisms responsible for this decreased resistance to infection and the few reported investigations of patients 1Abbreviations used in this paper: BSA, bovine serum albumin; CGD, chronic granulomatous disease; CHS, Chediak-Higashi syndrome; HBSS, Hanks's balanced salt solu- (1, (6) (7) (8) including leukocyte bactericidal assays in one individual (8) were likewise unrevealing.
Four patients with the CHS from three different families have been available for study at the National Institutes of Health since 1967. Previous investigations (9) have confirmed normal immunoglobulin levels (save for patients in the advanced stage of illness), normal antibody formation, delayed hypersensitivity, and reticuloendothelial clearance functions previously reported for other similarly affected patients (6) (7) (8) . Studies of leukocyte functions have documented the occurrence of neutropenia and decreased marrow granulocyte responses (10) , diminished granulocyte responses to infection (9) , impaired skin window migration and chemotactic responsiveness of their granulocytes (11) , all of which might be incriminated in the pathogenesis of decreased host resistance. The present report deals with the phagocytic, bactericidal, and fungicidal properties of leukocytes obtained from three of these patients. In addition, data is presented on metabolic functions important to antimicrobial activity, as well as histochemical electron microscopic studies of lysosomal degranulation. The findings indicate that such leukocytes have defective bactericidal capabilities for a variety of bacteria which are most pronounced for S. aureus, streptococci, and pneumococci and can be characterized primarily as a delay in intracellular killing. Comparative studies with leukocytes obtained from two children with chronic granulomatous disease of childhood (CGD) suggest that this diminished antibacterial capacity is not due to metabolic deficiencies related to the generation of hydrogen peroxide but rather to abnormal lysosomal degranulation. METHODS CHS patients. Two male siblings and one female formed the CHS study group. Some clinical features of all have been previously published by others (12, 13) . The female, presently 8 yr of age, is in the accelerated or lymphomatous phase of the disease (1) . This phase is characterized by varying degrees of granulocytopenia, anemia, thrombocytopenia, and mononuclear cell infiltration of organs with hepatosplenomegaly and lymphadenopathy (1) . Intermittent therapy with corticosteroids and vincristine has been required for control of the manifestations of hypersplenism and organ invasion. Whenever possible, studies were performed when she was infection-free and not receiving steroids, and at least 3 wk after her last dose of vincristine. Because of the complicating factor of this type of chemotherapy, the majority of investigations were performed on the two male siblings (La. R., aged 18, and Le R., 19) , both of whom are hematologically normal save for mild granulocytopenia and clinically well with the exception of recurrent sinopulmonary and skin infections. Neither patient has required corticosteroid and vincristine therapy and all studies were performed when they were free of infection.
CGD patients. Two males (S. E., aged 9, and B. P., 5), with typical sex-linked CGD, including histories of recurrent septic and granulomatous pulmonary lymph node and hepatic infections, and defective leukocyte bactericidal and respiratory capacities, were used for comparison. Some features of these patients have been reported (14, 15) .' Studies were performed on these patients both when they were infected and clinically well. No significant alterations of the data presented were seen during infection.
Controls. Normal individuals of both sexes aged 10-35, parents of the male CHS patients, and a 65 yr old female with bronchiectasis served as controls. All normal subjects were in good health at the time of study and none had a history of increased susceptibility to infection.
Separation of leukocytes. Erythrocyteswere removedfrom heparinized (10 U/ml) venous blood by dextran sedimentation followed by hypotonic lysis (16) . The remaining leukocytes were collected by low speed centrifugation (150 g for 7 min) and washed twice in modified Hanks's solution (MHS) (17) with or without 10% heat-inactivated fetal calf serum. Total and differential leukocyte counts were performed by hemocytometer or electronic particle counter (Coulter Electronics, Inc., Hialeah, Fla.) and examination of Wright's stained smears, respectively. To obtain leukocyte preparations containing a high percentage of polymorphonuclear cells (92-96%o ), a minor modification of the Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) density gradient centrifugation technique of Boyum (18) followed by dextran sedimentation was employed. Heparinized blood was diluted 2: 1 with isotonic saline, layered in 15-ml volumes on 3 ml of the Ficoll-Hypaque mixture, and centrifuged at 400 g for 40 min at 200C. After removal of the mononuclear cell layer 1 ml of homologous or AB plasma was added to the erythrocyte-granulocyte pellet and the mixtures pooled. An equivalent volume of 3%o dextran was added and after sedimentation of the erythrocytes, the granulocytes were obtained as noted above. Measurement of phagocytosis. Phagocytosis of microorganisms was determined in two ways. First, mixtures consisting of 5 X 106 phagocytes/ml in 10% AB serum-HBSS were incubated with viable and heat-killed organisms at 370C with tumbling (Fisher Roto-Rack, Fisher Scientific Company, Pittsburgh, Pa.) for 20 min and Wright's stained smears were made. The number of cells which had ingested one or more bacteria or candida were noted in counts of 100-200 phagocytes. Second, the kinetics of the phagocytic process by the entire cell population was determined by measuring the uptake of radiolabeled bacteria. S. aureus were labeled with "C by growing bacteria in trypticase soy broth to which either alanine-"C or mixed universally labeled-'C amino acids (New England Nuclear Corp., Boston, Mass.) were added in a concentration of 10 MuCi/ml. "C-labeled E. coli were similarly obtained by growing bacteria with thymidine-"C in trypticase soy broth at a concentration of 10 tCi/ml. At the end of an overnight incubation at 37'C the bacteria were killed by placement in a boiling water bath for 20 min, washed three times in saline by centrifugation at 2000 g for 20 min and adjusted to a final concentration of 5 X 10'/ml in saline. "C-labeled S. aureus obtained in this way conntained approximately 250,000-350,000 cpm/ml and E. coli 60,000-80,000 cpm/ml. They were stored at 40C until used, which was always within 3 wk after preparation.
Phagocytosis of the "C-labeled bacteria by cells in suspension was determined by tumbling at 37'C 5 X 10. phagocytes in 1 ml of 10%o AB serum-HBSS in 12 X 75 mm plastic tubes (Falcon Plastics, Div. of B-D Laboratories, Inc., Los Angeles, Calif.). At successive time intervals ingestion was halted by the addition of 102 M sodium fluoride and placing the tubes in ice. Noningested bacteria were separated from the leukocytes by centrifugation at 4VC at 100 g for 10 min followed by two washes and repeated centrifugation using 4 ml of 10%o fetal calf serum in MHS containing 10-2 M NaF. The resulting leukocyte pellets were allowed to dry overnight and digested the following day with 0.5 ml of 0.2 N NaOH for at least 2 hr at 56'C. The solutions were neutralized at the end of the digestion with 0.2 ml of 3% glacial acetic acid, 0.5 ml of distilled water was added, and 1 ml portions counted in 10 ml of Aquasol (New England Nuclear Corp., Boston, Mass.) in a scintillation counter (Packard Tri-Carb, Packard Instrument Co., Inc., Downers Grove, Ill.).
To measure phagocytosis by monolayers, preparations of granulocytes or monocytes (4- plastic tubes and incubated at 370C for 5-10 min before the addition of 0.1 ml of the bacterial suspension. The tubes were then rotated end over end at 370C. Portions (0.01 or 0.001 ml) were removed at intervals using a calibrated platinum loop and placed in distilled water containing 0.01% human serum albumin to rupture the cells for total viable bacterial counts. For extracellular counts the majority (> 95%) of the leukocytes was deposited by centrifugation at 150 g for 5 min at 40C and similar samples of the cell-free supernates removed and placed in isotonic saline. Serial 10-fold dilutions were made and appropriate dilutions plated on trypticase soy agar. When pneumococci were used, 1.0 ml of rabbit blood was added to each plate to facilitate growth. The plates were incubated at 370C and the number of colonies counted the following day to determine the number of viable bacteria present at each time interval. Zero time counts were obtained by taking the mean of three suspensions which did not contain cells and which had been handled in a similar manner.
In some experiments a modification of the technique of Holmes, Quie, Windhorst, and Good (21) was used to determine the number of intracellular bacteria present. After a 20 min period of incubation to permit the completion of phagocytosis, streptomycin (50 ,ug/ml) and penicillin (100 /Ag/ml) were added to the medium after a portion was removed for the determination of total and leukocyte-associated bacteria. At suitable time intervals thereafter, additional 0.5-ml portions were taken from the 2.0 ml mixture, centrifuged at 150 g at 40C and washed twice with 4 ml 10% fetal calf serum-MHS. 5 ml of distilled water was then added to lyse the leukocytes and pour plates were made to determine the remaining viable bacteria. The staphylococcus employed in these studies was penicillin-sensitive. (25) . Nitroblue tetrazolium dye reduction. Quantitative measurement of the reduction of the colorless dye nitroblue tetrazolium to blue formazan was carried out using the technique of Baehner and Nathan (26) .
Electron microscopic cytochemistry. 10 X 106 granuloctyes were incubated with a 100:1 ratio of heat-killed S. aureus in 1 ml volumes of 10% AB serum-HBSS at 370C as above.
At various times phagocytosis was halted and the cells fixed in suspension by the addition of 1 ml of 2% gluteraldehyde in Tyrode's solution. The cells were washed in phosphatebuffered saline pH 7.4 (PBS) and the cytochemical reaction product developed with 3,3'-diaminobenzidine for 30 min at room temperature (27) . The cell suspension was then washed twice with PBS containing 10 mm potassium cyanide, suspended in 10% bovine serum albumin (BSA) and sedimented by centrifugation. After removal of the excess BSA, the cell pellet was gelled by the addition of 25 ul of 8% gluteraldehyde and the pellet minced into 1 mm cubes. The cubes were then suspended in 1% osmic acid, dehydrated with ethanol, passed through propylene oxide and embedded in Maraglas (The Marblette Co., Div. Allied Products Corp., Long Island City, N. Y.). Thick sections were stained with toluidine blue and examined under the light microscope. Thin sections were stained with lead citrate and examined in a Philips (Philips Electronic Instruments, Mount Vernon, N. Y.) 300 electron microscope.
RESULTS
Differential counts of leukocyte preparations. In Table I differential counts of leukocytes prepared by the dextran sedimentation procedure are presented from the 3 CHS patients and 28 control subjects. All three patients were significantly neutropenic when compared to normal and had significantly higher mean percentages of mnonocytes and lymphocytes than the controls. The degree of the neutropenia of the two male siblings was mild compared to the female in the advanced stage of the CHS who had mean granulocyte percentages significantly below and lymphocyte percentages higher than both males. Eosinophil counts of all three CHS patients were not significantly different from normal. When cell preparations were equalized for phagocyte content in different studies, the mean percentage of granulocytes in the CHS phagocytic cell populations averaged from a low of 76.3% to a high of 81.3% in the bactericidal and Phagocytosis by CHS monocytes appeared to be essentially similar to normal monocytes and was less than PMN when examined microscopically.
Data obtained on the kinetics of the ingestion process by measuring the uptake of "C-labeled bacteria by cells in suspension or monolayers confirmed the microscopic observations of normal phagocytosis by the CHS leukocytes. In preliminary experiments it was determined that the number of counts associated with the leukocyte pellet was directly proportional to the number of intracellular organisms at each time interval. As shown in Fig. 1 , which depicts the ingestion of "C-labeled S.
aureus by mixed populations of CHS and normal cells, the uptake of radioactivity by leukocytes from the two males was equivalent to the mean of five normal controls. Similar information was obtained when "C-labeled E. coli were used and when granulocytes and mononuclear cells from one subject (Le. R.) separated by the Ficoll-Hypaque technique were studied in suspension.
In fact, at early times phagocytosis by the CHS granulocytes appeared to be faster than normal (68% for CHS vs. 57% uptake for normal cells at 5 min). Uptake of "C-labeled S. aureus by leukocytes in suspension from one CGD subject (B. P.) was equivalent to normal (data not shown).
A better examination of the phagocytic capabilities of monocytes was obtained by measuring the ingestion of "C-labeled S. aureus in monolayers which had been washed free of most of the contaminating lymphocytes. As shown in Fig. 2 Table III . Since there were no significant differences among individual patients the data from each disorder has been pooled in comparing the patient groups against normal subjects. As expected, from previous studies (28) CGD leukocytes consistently showed impaired killing of the catalase-positive organisms, S. aureus, E. coli, and S. marcescens, as well as C. albicans (Fig. 3) (Fig. 3) was less than normal at 60 min of incubation on one occasion only, with one of two CHS subjects. Consistent with the observations on phagocytosis noted previously, clearance of bacteria from the cell-free medium at 2 hr was similar to normal in both patient groups. The majority of surviving bacteria for which defective killing was documented were therefore associated with the leukocyte pellets.
The differences in the kinetics of the killing process in the two types of patients compared to normal are shown in Fig. 4 which graphically depicts the survival of S. aureus over a 2 hr incubation. Killing of the total inoculum by both CHS and CGD cells was similar over the first 20 min and significantly less than normal. After this time, killing by CHS leukocytes continued whereas that by the CGD cells halted after the initial 20 min incubation. Organisms within CHS leukocytes ("intra- cellular") as determined after the addition of antibiotics were in fact killed at a rate equivalent to normal, although significantly more bacteria were present through Comparative oxidative metabolism of CHS, CGD, and normal leukocytes. Oxygen consumption by mixed CHS leukocytes was greater than normal at rest and showed a marked increase with phagocytosis (Fig. 6 ). This contrasted sharply with similar studies with CGD cells, which as expected (29) showed no postphagocytic respiratory burst (data not shown).
Similar to these observations the oxidation of glucose-1-14C by mixed CHS phagocytes was greater than normal in the nonphagocytic state at both 30-and 60-min incubation times (Table IV) hexose monophosphate shunt (HMS) both at rest and with phagocytosis.
These observations were extended to purified preparations of PMN and mononuclear cells and a larger number of experiments were performed. The pattern of greater activity by nonphagocytizing CHS leukocytes was found to exist both for PMN at 30-and 60-min incubation times and mononuclear cells at 60 min whether in suspension or adherent to glass with contaminating lymphocytes removed (Table V) . The differences were statistically significant. Postphagocytic oxidation of glucose-l-4C, on the other hand, was similar to normal by CHS PMN at both 30 and 60 min, whereas that by monocytes was greater than normal at the later incubation time. It is noteworthy that postphagocytic glucose-1-"C oxidation was significantly less for normal PMN obtained by the longer Ficoll-Hypaque separation procedure than by dextran sedimentation (Table IV) The oxidation of glucose-6-'4C and formate-"4C by resting CHS leukocytes also averaged higher than normal but the differences were not statistically significant. Phagocytizing CHS granulocytes and mixed phagocytes were similar to normal in both these functions (Table  IV) . Again CGD leukocytes demonstrated the previously documented (29) (24) , was greater than normal by resting cells (Table VI) . In addition, higher postphagocytic values were observed, using heat-killed S. aureus as the phagocytic particle. Fig. 7 , CHS-mixed leukocytes were capable of normally reducing NBT due to blue formazan during phagocytosis of polystyrene latex particles. This represented another differentiating feature of these cells when compared to CGD leukocytes.
Cytochemtical analysis of degranulation by electron microscopy. Since the metabolic studies suggested that the observed bactericidal defects in CHS phagocytes could not be explained by a failure of peroxide formation or tnyeloperoxidase-mediated peroxidation, attention was turned to the postphagocytic degranulation process. In preliminary studies the microscopic observation, previously noted for CHS mink and cattle leukocytes (5) , that the large granules persisted seemingly intact within CHS PMN for prolonged periods of time after phagocytosis of bacteria was confirmed. Evaluation with phase microscopy disclosed the presence of many of these granules around phagocytic vacuoles after ingestion of S. aureus, and in some cases apparent localization within phagosomes. Better morphological documentation of the degranulation process was obtained through the use of a cytochemical assay for peroxidase activity in conjunction with electron microscopy. In nonphagocytic CHS granulocytes almost all detectable peroxidase activity was localized to the giant granules (Fig. 8 B) , which are few in number when compared to the large peroxidase-positive primary granule population of normal PMN (Fig. 8A) . 15 min after mixing with staphylococci, the differences in the appearance between intracellular bacteria in the two cell types was striking. Within normal granulocytes almost all phagocytic vacuoles were seen to contain peroxidase reaction product and the bacteria appeared to be undergoing degeneration (Figs. 8C and D) . In contrast, in CHS PMN many phagosomes contained no peroxidase activity and the bacteria within these retained their defining structural characteristics ( 9A and B). In some areas an occasional giant lysosome could be found apparently extruding its contents into a phagocytic vacuole, with corresponding alteration in the appearance of the bacteria. By 60 min of incubation these differences were less distinct. In normal cells peroxidase-positive granules were rarely seen in the cytoplasm and bacteria were collected within one or two vacuoles which contained peroxidase activity in each section examined (Fig. 9C) . In CHS granulocytes giant lysosomes were frequently found which did not appear to have any connection with phagocytic vacuoles (Fig. 9D) ; however, in most sections a greater number of vacuoles contained peroxidase activity. DISCUSSION The most significant abnormality in function uncovered in the present investigations for phagocytes obtained from three patients with the CHS was an alteration in the rate of killing of several different classes of bacteria. Comparison with leukocytes obtained from two males with sex-linked CGD indicated that in contrast to the bactericidal defect for catalase-positive organisms found in these subjects (28) , both catalase-positive (S. aureus, S. marscescens, and E. coli) and catalase-negative (Group D streptococcus and pneumococci) bacteria were inactivated at abnormal rates by CHS cells. This defect in killing was most pronounced in the first 20 min of contact between CHS leukocytes and bacteria; thereafter bactericidal rates increased, a finding which further distinguished the CHS from the CGD leukocytes. The magnitude and duration of the defects observed for the CHS cells varied with the organism studied and were most marked for S. aureus and least so for E. coli. This pattern corresponds to the bacteria most frequently implicated in infections in these patients, with staphylococci having accounted for 65.7% of the 51 infectious episodes observed over a 3J yr observation period in our subjects (9) .
Previous data available on the bactericidal capabilities of CHS cells has been limited and seemingly at variance with our findings. For instance, employing a technique in which antibiotics are added to the medium 15 min after mixing cells and bacteria with sampling of the suspensions for surviving bacteria at 1 and 3 hr, Windhorst et al. were unable to find an abnormality of sampling times might have missed the delay in intrakilling of staphylococci in two experiments on one pa-cellular killing, the most consistent feature of our retient (8) . As noted in Fig. 4 , however, the use of such sults. In another unpublished investigation using tech- Microscopic studies indicated that at the end of a 20 min incubation period CHS granulocytes and monocytes participated in the phagocytic process in numbers similar to normal, and the content of intracellular organisms appeared the same. A better measure of the rate of bacteria ingestion was afforded by the use of radiolabeled organisms in which the phagocytic activity by the entire cell population could be frequently sampled. In preliminary experiments it was determined that the amount of radioactivity associated with the cell pellet correlated closely with the number of intracellular bacteria. It was then demonstrated that the uptakes by both male patients were similar to normal controls, leading to the conclusion that the marked delay in killing observed over the first 20 min could only be due to abnormal intracellular inactivation. Similar data on ingestion rates was obtained on one CGD subject confirming previous observations of their normal phagocytic capabilities (21) .
Due to the neutropenia of the CHS patients the mixed cell populations obtained by dextran sedimentation differed from normal not only in their diminished number of granulocytes but also in their larger percentage of monocytes and lymphocytes. The numbers of eosinophils, on the other hand, were similar in both patient and normal groups. The question then arises as to whether the larger number of monocytes in the CHS phagocytic suspensions could cause an apparent impairment of bactericidal activity because of their reduced phagocytic capabilities compared to granulocytes (32) .
Several points argue strongly against this conclusion. First, although the percentage of monocytes was greater than normal, the number of granulocytes in the CHS cell preparations outweighed monocytes by at least five to one in all studies. Second, the kinetics of phagocy4Quie, P. G. Personal communication.
tosis by the mixed cell populations was found to be normal as noted above. Third, the data obtained from the CHS female, who was significantly more neutropenic than both males, was identical to the males. Finally, when CHS granulocytes and monocytes were obtained separately from Ficoll-Hypaque gradients and matched in percentages identical to normal cells, the abnormalities observed for the mixed cell population persisted. Granulocytes were found to ingest "C-labeled S. aureus at rates equivalent to normal, yet had a diminished rate of killing which persisted over 2 hr. MIonocytes were likewise found to have normal rates of bacterial ingestion whether maintained in suspension with lymphocytes or allowed to adhere to a plastic surface and washed free of the latter cells. In contrast to granulocytes, however, kill rates for S. aureus were impaired over the 1st hr of incubation only.
Having demonstrated impaired bactericidal activity by CHS leukocytes in a pattern that differed from the CGD cells it became of interest to further compare the activities of these cells in metabolic studies important to the bactericidal process. In contrast to the CGD leukocytes (21) and similar to studies previously reported for mink and cattle with the CHS (5), it was quickly determined that CHS phagocytes were capable of a respiratory "burst" after phagocytosis (33) . Measurements of the oxidation of glucose-12-4C, glucose-6-4C and formate-"C were also similar to normal after phagocytosis at two incubation times, indicative of normally functioning pentose shunt and Krebs' cycle pathways and normal production of hydrogen peroxide (23) . As expected, glucose-1-"4C and formate oxidation by the CGD cells was significantly diminished from normal (21) . CHS leukocytes were also capable of utilizing peroxide and myeloperoxidase to enzymatically iodinate intracellular protein (24) with activities that exceeded similar numbers of normal granulocytes in both the resting and the phagocytizing state. The addition of sodium azide to the incubation mixtures resulted in equivalent suppression of normal and CHS iodination to the range seen with untreated CGD cells (25) .
In addition to the increased iodination, glucose- Both the increased iodination of protein and the exaggerated oxidation of glucose-1-"4C by nonphagocytizing CHS leukocytes could be explained by elevated peroxide production (24, 37). In keeping with this, the oxidation of formate-14C by these cells was also higher on the average than normal; however the difference between the means was not statistically significant due to experimental variability. Similarly, the oxidation of glucose-6-"C was increased in resting CHS leukocytes in some but not all experiments and the means were not significantly different.
As initially suggested by the finding of abnormal killing of both catalase-positive and catalase-negative bacteria, these observations indicate that metabolic abnormalities related to the generation of hydrogen peroxide are not involved in the pathogenesis of the defect seen in the CHS cells. Previous data obtained in our laboratory have indicated that CHS granulocytes contain reduced activities of the primary lysosomal enzymes myeloperoxidase and fi-glucuronidase (38) ; however, the degree of reduction of peroxidase is clearly not enough to impair intracellular iodination as noted above. Therefore, it appears unlikely that peroxidase deficiency, per se, is responsible for the observed findings.
Attention was then directed to the manner in which the abnormal lysosomes participate in the normal postphagocytic chain of events. Similar to previously reported findings for mink and cattle (5), the giant lysosomes were noted by light and phase microscopy to remain apparently intact for prolonged periods of time after phagocytosis. A cytochemical technique in conjunction with electron microscopy was employed to better observe the manner in which peroxidase is delivered into phagocytic vacuoles in CHS cells. As noted previously (39) , almost all peroxidase activity within CHS granulocytes was localized to the giant lysosomes.
Furthermore, after bacterial ingestion the delivery of peroxidase activity appeared spotty and inefficient when compared to normal, with many phagosomes devoid of this activity 15 min after the start of ingestion. As a corollary, the appearance of most of the bacteria within the CHS granulocytes was strikingly different from normal in that many staphylococci retained details of morphology similar to noningested organisms. In some sections giant lysosomes were seen discharging their contents into scattered phagosomes and in these bacterial morphology was altered similar to that seen in normal cells. By 60 min, more vacuoles contained peroxidase activity, but in many sections giant granules were observed to remain apparently intact and without relationship to phagocytic vesicles. These observations suggest that the increased delivery of peroxidase into more phagocytic vacuoles with time either through delayed degranulation or fusion of peroxidase-negative with peroxidase-positive vacuoles might be responsible for the increase in bactericidal rates observed in the CHS cells. In this regard, it is of interest that the kinetics of the bactericidal process in CHS leukocytes bears a resemblance to that seen in leukocytes from an individual with myeloperoxidase deficiency (40) . Whether the delay in killing in the first 20 min is due to a lack of peroxidase or some other bactericidal substance in the majority of phagosomes within CHS cells can only be speculated, however. Biochemical support for these morphological observations by measurement of intraphagosomal activity of two enzymes associated with primary lysosomal granules (peroxidase and P-glucuronidase) (41) has been obtained employing a technique to isolate phagocytic vesicles (42) and is the subject of another report (36) .
These studies provide evidence that in addition to impaired chemotactic responses and neutropenia, delayed inactivation of intracellular bacteria, in particular staphylococci, might play a role in the pathogenesis of recurrent skin and sinopulmonary infections characteristic of patients with the CHS. Furthermore, the contrasting patterns and kinetics of the bactericidal defects exhibited by the CHS and CGD leukocytes as well as their differing metabolic properties illustrate the multiplicity of factors involved in leukocyte antimicrobial mechanisms and the pleiomorphic nature of inherited defects of leukocyte function. FIGURE 9 Electron micrographs of granulocytes which have phagocytized S. aureus and are histochemically stained for peroxidase. Panels A and B depict sections of CHS granulocytes taken 15 min after mixing with staphylococci. Note the lack of peroxidase activity around most phagosomes with the exception of those into which giant lysosomes (arrows) appear to be discharging their contents. Panel C is a normal granulocyte 60 min after mixing with staphylococci showing phagosomal fusion with peroxidase activity in the phagosomes and a lack of peroxidase-positive granules in the cytoplasm. Panel D is a CHS granulocyte at the same time interval which depicts the persistence of structurally intact peroxidase-positive giant lysosomes (arrows). Peroxidase activity can be seen in some, but not all, phagosomes.
